In large extra dimension models the presence of an interaction between the Ricci scalar curvature and the Higgs doublet of the Standard Model can give rise to an invisible decay of the Higgs to Kaluza Klein graviscalars. The corresponding invisible width can cause a suppression of the LHC rates of a light Higgs in the visible channels below 5σ in some regions of the parameter space of the model. However in such regions the Higgs can be discovered through its invisible decay. The combination of the measurements done at the LHC and the LC can determine to some accuracy the parameters of the model.
Introduction
In large extra dimension models the interaction between the Higgs doublet field H and the Ricci scalar curvature R of the induced 4-dimensional metric g ind , given by S = −ξ d 4 x √ g ind R(g ind )H † H , after the usual shift H = (
, 0), leads to the following mixing term
Above, M P l = (8πG N ) −1/2 is the reduced Planck mass, δ is the number of extra dimensions, ξ is a dimensionless parameter and s n is a graviscalar KK excitation with mass m n = 2π| n|/L, L being the size of each of the extra dimensions. This mixing generates an oscillation of the Higgs itself into the closest Kaluza Klein graviscalar levels and therefore an invisible decay for the Higgs. The corresponding width can be calculated by extracting the imaginary part of the Higgs self energy contribution due to the mixing in eq. (1) 1,2 (see also 3 ) and is given by Fig. 1 shows that the branching ratio of the Higgs into invisible states can be substantial for M D values in the TeV range both when m h = 120 GeV (upper part), therefore below the W W threshold, and when m h = 237 GeV (lower part), a value greater than the W W threshold and corresponding to the 95% CL limit from LEP data with m t = 178 GeV. As a consequence this invisible width causes a significant suppression of the LHC Higgs rate in the standard visible channels and for any given value of the Higgs boson mass, there is a considerable parameter space region where the invisible decay width of the Higgs boson could be the first measured phenomenological effect from extra dimensions. This is exemplified in Fig. 2 for m h = 120 GeV, δ= 2 (left), 4 (right). In the green (light grey) region the Higgs signal in standard channels drops below the 5 σ threshold with 100 fb −1 of LHC data. But in the area above the bold blue line the LHC search for invisible decays in the fusion channel yields a signal with an estimated significance exceeding 5 σ. In conclusion, whenever the Higgs boson sensitivity is lost due to the suppression of the canonical decay modes, the invisible rate is large enough to still ensure detection through the W W fusion channel. 
